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An Experimental Study on the Swimming Performance
of Pale Chub(Zacco platypus)
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Abstract

The local migration or movement behavior of fishes in streams are related to feeding, spawning,
growing, dispersing, and refuging. The pale chub (Zacco platypus) is a dominant species that migrates
locally and inhabits in river and stream in Korea. However, dams, weirs, culverts and other regulatory
structures are physical barriers that limit fish movement and fragment habits and populations. If main
stream and off-channel habitats are connected with culverts, they would restrict the small fish as pale
chub movement due to the high flow velocities and low depths. But in Korea, there is no
experimental study to evaluate the swimming performance of species in Korea. Therefore, it is
difficult to proposed that design guidelines for pass fishes through culverts. The purpose of this
experimental study is to evaluate the swimming performance of pale chubs. A series of swimming
performance test has been used in both of the fixed velocity and the incremental velocity methods in
an experimental flume. As a result, the critical swimming speed for pale chub(body length 89 cm)
was found to be about 0.7 m/s. Therefore, the flow velocity for culvert design in the low flow
condition should not be exceed the its swimming ability, especially 0.7 m/s for pale chubs(body length
89 cm). And the minimum depth for culvert design in the low flow condition should not be lower
than the fish body height add a dorsal fin height.

keywords : Pale chub, Swimming performance, Critical swimming speed, The flow velocity for culvert design
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Table 1. Locations and Methods for Capturing Fishes
river name location date species note
Majungcheon Chungnam Buyeo 2006.10.15~10.25 Pale chub
Bongdangcheon Chungnam Boryeong 2006.10.15~10.25 Crucian carp wild
Ippocheon Chungnam Buyeo 2006.10.15~10.25 Korea rose bitterling
Table 2. Selected Fish Species for Experiments
L ecological characteristics
common name scientific name body shape - -
habitate spawn duration
Pale chub Zacco platypus Fusiform rlfﬂe'm the middle stream or 5~7 month
in the downstream
Crucian carp Carassius auratus Fusiform pool in stream, lake 4~7 month
Korea rose bitterling | Rhodeus uyekii | Compressiform pool in stream, lake 4~6 month
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Fig. 4. The Experimental Flume Fig.

Table 3. Flow Condition of Incremental

5. Digital Video Recording Set

Velocity Test

Fig. 6. 1-D Velocity Meter

discharge flow depth | mean velocity slope water
Level (m¥/s) (m) (m/s) %) ternp()?éa)lture Fish species and numbers
1 0.016 0.048 0.4 0
2 0.029 0.064 0.5 0 1) Pale chub : 7
3 0.036 0.072 0.6 0 18 2) Crucian carp : 7
4 0.058 0.102 0.7 0 3) Korea rose bitterling
5 0.086 0.144 0.8 0 $20
6 0.086 0.092 0.9 05
S| WAl Hol o AlE s (A
3.3 NESSU Al O]'%oui HH gy HFe Ad4e2 g CCTV 7}
W2ts 3t AX)5ke] 10 m 73 AAE FFsAh &
ARSI AELE Table 494 2] 971#]19] /5% A TEY AD7FLS Figs. 7 and 83 2o] AR
SAREE AEFE U 10 m 71elA E7]E F9A T FAAELA 5 m AFE B BNk &4
2% 7 fEAE 23T &9 5 m AA o] JEs Aow HBrlsrnt
E38)8 detstogn E317)7} olE 7Mss HH§
04‘%‘) _-4’—1 i— J g_J- 17} olE 7V e 532 SQLEE ZAuy
So grieldeh aw APsrze] 2EAFE 30AY . _
. i g e] §94EE Figs. 9 and 103 Zo] 02%
Y THAA SAFANE 702 HEC-RASEY S ] o e
Q. ISP S S es] P HAe] onAE A ste] FAsith dPAEL
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31l ASIson, 2 Ak Nemingel EEAE o ooy o) 1 gaten 449 A48 o8 o
A = —~ = ]
= = 0010700L e b FrlelE 2Atony el o g e dusEs 7
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Table 4. Flow Condition of Fixed Velocity Test
discharge flow depth |mean velocity | slope water Wil Speeies: @msl mumlogs
Level 3 o temperature | (Body Length + standard
(m”/s) (m) (m/s) (%) 5 .
(C) deviation)
1 0.008 0.038 0.3 0.1
2 0.019 0.057 0.4 0.1
3 0.030 0.071 05 0.1 1) Pale chub
4 0.044 0.087 06 0.1 ’ :ClOQ B9+1.1 cm)
rucian carp
5 0.065 0.108 0.7 0.1 18 £ 89 (14.3+14 cm)
6 0.082 0.124 08 0.1 3) Korea rose bitterling
7 0.103 0.144 0.9 0.1 : 100 (4.2+0.6 cm)
8 0.065 0.078 1.0 0.37
9 0.057 0.065 1.1 0.50
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Fig. 7. Moving Routes of Pale Chubs(2:26:18)
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Fig. 10. Measurement of Swimming Speed(after)
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Fig. 13. Proportional success of pale chubs
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Fig. 14. Proportional Success of Crucian Carps Fig. 15. Proportional Success of Korea

Rose Bitterlings

A ke AMeIA olBa  tiEEsh ARFES Fekel st Bavle] )
ek gnolel A fEEE 4 AW f9SEE A 29 Figs. 19 and 219 2ol
A oA BAS B Bl A4 AR §945Ee Aot Aee ek,

Table 5. Flow Velocity of Cross Section (Vmean 0.7 m/s, Depth 0.12 m)

bottom 3 cm 5 cm 7 cm surface
0 (right) 0.50 0.50 0.52 0.50 0.46
20 0.62 0.68 0.69 0.71 0.69
40 0.65 0.70 0.70 0.72 0.68
60 0.59 0.63 0.64 0.65 0.63
80 (left) 0.47 0.46 0.47 0.47 0.46

Fig. 17. Swimming Performance of Pale Chub(V=0.5m/s) Fig. 18, Swimming Performance of Pale Chub(V 0.9 m/s)
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Fig. 19. Swimming Velocity of Pale Chubs
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Fig. 20. Swimming Velocity of
Crucian Carps
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